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(57)Abstract: 

PROBLEM TO BE SOLVED: To lower the concn. of an 
impurity region for controlling the threshold voltage of a 
first transistor to enable the junction leakage current 
reduction, by making thicker a gate insulation film of the 
first transistor than that of a second transistor. 
SOLUTION: A gate electrode 12 is formed through a 
gate insulation film 8 in a memory cell on a main surface 
of a p-type semiconductor substrate 1 sandwiched 
between source-drain regions, a gate electrode 12 is 
formed through a gate insulation film 9 in a peripheral 
circuit, the thickness of the gate insulation film 8 in the 
memory cell is set to be greater than that of the gate 
insulation film 9 in the peripheral circuit to thereby 
enable the concn. reduction at a p-type impurity region 
4a in the memory cell. By lowering the concn. at the p- 
type impurity region 4a. the junction leak current can be 
reduced. 
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(005 81 lil6?:#fiP,tT. ^-Hlffil 2« 

x.liy K-XlSX 1 0l3~5X 1 ol4a t 

oms/cm2, 1 0~ 1 0 0 k e VO*{4=-eJ|i*f*S 

JS5 (7);?fT'l±^+^>-r*&ofc7 ^ -/U Kite^K2 (DjiMt 

[00 5 91 la 7 LT> JiaiHl^gBliro;^- 

lM«iS^gSnS?F«t;^J^7^^?gfi£t5o :i<')it. 
^Sana^M#)^«7(7)teiS[gg$i5S. 't'JgSnS^ifiE 
ti^i^ 6 rofeSS:^ $ J; ►) t ^ < 5 i 5 Ic n S^Jifiti 

.to-CI&lltttS iliS* n S!^«i6«!)^« 7 X' ^ 
5. 

[0 0 6 01 WC, lll8?r#lL-C« ^^ft:S« 1 <0± 

V sJ^-zu 15a. 15b ^^i\.^im^t^o ^Wt. 
f :y mil 6 aiEi^l 1 Ghb^J&^-fho 
[00 6 11 WC. If J/ hi^l 6at5j:0!gH^ll 6 b 
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-v?/-Kl 8 t:5rr^^->^lfe^l 9t-tiWu~Y 

2 0 i LfcS, irBll6M:^2 2 ^J^fig-T^, 
!!>:tc. JiaiHlKgptCiol^T^y:?^ h*-zl'2 3 a~2 

3 c 5rJfM ^JiSBM 2 4 a ~ 2 4 d Srff^fifetSo W 
±<^lSSrS-Cli 1 iciji^ixS D RAUmi'^^il^ Z. 

[0 0 6 21 El 9 ~EI 1 3 Srffll-^T, ±ia«|llg 
WJfJffilW^Jf^t^Jlco^^T^P^tS. *-fl2I9tllIl 0 

Mi^HSm-rs r t J: f9 JI^<cM/i5 'S^- Mfe^ 
8, 9=SrJ15^Lfc„ Ld^L, 13 9 tcij^Stl?) J: 5 1-, ■> 
y :^VK^kM2 5^/^•^-:::^y/Lfc^. V'y^Vgft 

KjbM3 3 5rJi^fi£LTtJ;i/\ rro-yy 

ho 

[0 0 6 31 i(r)'ikti±m<Dmmmm i t mm 
(Dxni:mxmio\c7fk$h^i:o\^. ^-mmms 

^-fSMOS h7yv';^^;45;^^y-fe/'WSPrti:jlia[Hl*S 

imimiy-h^mmtLxmt^z.tKi.v)^ it 

«tt«^V^y-Mfe»K8 a. 9a^5'#t5tl5o 
[0 0 6 41 01 l^rfflt^T, t<OWtM\^^\^ 

xWim-ri>o mi uc^^ixsiotc. *^jf^«-e(i, 
L#i/^ffimj£»ffl«p§?^iffi%i^iiic4 a \ <omm^ 

Sr. i§IiaiHliSgP(c*Jt:t5p®^*ie!teffl«4 boteit^^ 
J:'!)'bS< L-Cl>5o ^-tll-J;!?. pS^*fit)®«4a 
30 iwt-^igSSr$?>icfi<-r5ri;ilS"lBEt>'<c5o ^: 

its, Sfc, pS^tt#l!HS4 a l®JgSi&(S«T't5 
[0 0 6 51 pm^Wt'SmkAAKDmL^^ 
ffl*S4 a 1 Tfcfig-rs ^ e>/i61g;JiS« pS^^i^^ 

[0 0 6 6] /i4b\ L^^mnBU'm^nmtit. f~ 

jiAlTM'iSUti^fiUjEWMOS hyy'yT.^^m 
[006 71 1 T'tt. ^aiHlJS 

so l^Tlfte^Srff/iofc^s. i^i2[E]KgBlt*5lt5p^t^/l' 
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Mos V7y'J7.^\-ttfi<ni:b\z.\.xmipiX'^i)^ 

[0 0 6 8] mi 25:#ffiLT. n >>a:yl^lgc2 6©S 
S^*e#J®lS 2 8 OSBIC. ±3iE(0||iferoji^ffi 1 om^ 

[ 0 0 6 9 1 , la 1 3 UT. p mo^^im^ 

V t 5 1 *f roliSS p 5!^M#lffllf£ 2 9 5:ffM-r 5. 
[00 70] ±iaoJ;9{cLTpf-+;^/uMOS Vyy 

i ^'SS n W^Wi^mm 6 1 wfl^fiKro^lc p f-^^/uM 
OS b7>'i^;^^jgfi6MJgE^S9-7^:?^ffM-t-5£>S 

[0 0 7 1] (3li6cO?gli2) iJclC, 01 4~mi 8^ 

xmmti>o mi 414. ro%igroiiifi(7)?i?^g2(cfcit 

5 D R AM<& j?t»f®m-efc5« 

[ 0 0 7 2 ] m 1 4 im.Lx. ^mmowm 2 x-tt. 

*fc. Jiaieig§gp{c*3i:t5MOS h7Vv';^^(oy-;^ 

/ K >i>\ ffijga n S^Mi^^ilg 5 t ilifiS n 
Mife^i^7iT-fl|fig$tvTV^5, L. 

[00 7 3] mi4l'7P$ixSJ;^('. \f-ymi6a 

m^5<Dfy\zif)m^Lx\'^?)(Dx. nmmmi<Dm 

[0 0 7 4] mi 5~mi 7Srffit,^T, mi4lc 
7PiiM>QRkU<r>mWi^K-o\,^XWmti>. mi 5 
~mi7l4, mi 4»C^$jx5DRAMroS:^lS»!|# 

[0 0 7 5] mi 5>&#1L-C. HiiWff^ffil ilffi^ro 

iM^i^xmi&nm^mimmztx'm^t^, ^• 

rot. t-f K-;7;j~>'Hffe^l 4!Sr?l^fi£t, JiaiilgSSP 
l-ro;2f«jgSn§/>F*E#i®*E7^j|^jsgt5o rroit, 

a m^unm^ n SJ^jfeti^jg 7 a, t ^ i y y t 

iO, Ki>;j~/Hffei*l 4Troy-;:^/KH'> 
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[0 0 7 6] iJcJC, mi 6(Cjf:$ix5J;9(C, Uligrojg 
^ilOii^i:lRl^©*feT*^fy Mil 6 a iiSUl 1 6 
b*T-5rJgfiet5o ^:LT> f j/ hJI i 6 a =SrS5 J; 5 
tclP^^Mi^l 7$rff?fiEL. mi 71^71^1- J: 9 Ic. =y 
^5'^' h*-yH 7 a SrffM1-5, = 

17a>JriiLT. y W^^-^iSr K-Xft3 X l 0'.3~5 
X 1 0l4a t om s/cm2 , 30~2 00keVro^ 

10 SrSxmi 4lc^$ti-5DRAMdSJ15^$ti5ri:i:/i 
[0 0 7 7] iJcIc, mi 8Srfflt>T. :^MMoWM2(D 

mm\c-D\,^xmm-ri, mi sa, ^^ji^^ijictji^s 

DRAMS:iS^»rEmTS>5„ 
[0 0 7 8] m 1 8 Sr#fi?, LT, *^ff?0ijT'|4, p^^ 
Mife^igc4 a l^S^ pg>FMfe^Jgt4 b J:»)'?,itlvfiyB 
IcffM^ixTl^So rroi:#. f f h^l 6 a i^ig^ 
ix5 y-;^/ KV^- yummst n S^^tisia 5 co;zf ic 
i:'omi$.$iiX\i^^<7)X\ mi llc^^sixS^-a-J:?) t 
20 ^?)(-«^y-^ajSl£4:{g;M-t-5ct/i5T-t-5„ 

[0 0 7 9] (.mm(Dmm3) mz.^ mi9i:m2ot 

S:ffli/>T, r©^?^ro5lffi(Off^ffi3lcol,^T!i^?g-t-5o 
mi 914. ro^?qcd3IJSOJl^ffi3lc*J(tSDRAMSr 
^tgfrffimx-foSo 

[00 8 0] m 1 9 5r#ii?, ux, ^mmmM 3 x-14, 

^ifiroji^Ji 2 (CtJ (t 5 "t-J^S n 6 a OTIC 

4 J: 9 1' i^SS n m^mmi$i 7 a ^ 

ixXl/^So -roii5SSSnS^i^i^®i®7 aOjgft|4. 1 
018^1 O20a t oms/cin3 S*X-fo9, tfiSSn 

5, Sfc. lS^SnS^$Eife^j^7 al4. P'-f-zl'K^ 

mm 2 o^m^tx-m-t^ i ^ i^jf^fiK^tus, 

[0 0 8 1] ±feroj;5/j:Si^gSnS^MifefflJgc7 a^- 
ts:!:^^;^!::^?), mi 9lc*3l:t5^JgcBi5^»ct3»t5 
y-^'«jSiSrt>i6;«-rSii:;5SnTtgi:^c5. -tnicJ: 
±iEro|lifiro?fJffi2W^J;i9 t$^|c:y-i?l;Ji^ 

[0 0 8 2] mc. m2o=^ffl^^x. mi9ic^s$tL?) 

DRAM©SjS:&felCol^XSil^t5, m2 0l4. mi 
40 giOT^^tlSDRAMroSljtlSI'rol^StW/ilSSr^ 

twimmxh^o 

[0 0 8 3] m2 02:#fi?,LX. ©HffiWfl^ffi 2 O 
#&i:l^filroiS5rSX4'g«nS!^ifie^®«6 a SX* 
iM^t?)o ^<r>^. h*-yn 7 a SriiLX 

y W^fy^S- K-Xft3X 1 0l3~5X 1 0l4a t om 
s/cm2 , 3 0~2 00keVro^<4=XaA-t-5„ ^■ 

SnS^«ife||«7 a;!)S?I?fi£$tl5. ^•i^«l^(4ll^gW 
JF^ffiiro^a-tP^roieSrgxmi 9lC^$ix5DR 
so MAiW^l^^hZo 
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[0 0 8 4] {%%(m%A) Wi^m2\^^2^-k 

1 0 0 8 5 1 g| 2 1 LT. *^te<0ffj^4 T'tt, 
y-hmSl 2?JrS5J:9l-m>v/y3:yg«^t:j^3 i 

5. LT. 1 6 a 1 iJS, W/T i N/T i % 

KJK3 2«sjFM$ixTV>-5. 
I 0 0 8 6 ] SaiHlKgPT-li. fc-y h^l 6 a 1 
<n>Vi^t^^f£^^^ 1 6 b 1 , 16c i^'tfi't'hlfM 

^ixSo ^ LT. ss^ii 6 b 1 tM^^nm^m<^m 
^fc. ^mmwi2 4 c tt. sa^i le c^^frtxy-h 
1 iCTT^^hbm^tm'^x'h^. 

[0 0 8 7] :^Mm<nmm4Xti. 12 llCjj^^ixSJ; 
y-hSffii 2^S5<t5(ci^y avg-fbMao 

Si 6 a I t^mStnm^mililO^m t<Dmm<Dtlib(D 

^y^^ h*-/H 5 a 1 Srges-^etii^Mt-sfcfe 

[0 0 8 8] $fc, t'y hiSl 6 a lS>5t^(4SE«Jil 

6 b 1 hv-7./Y\y^vh'r>zii/.9i> hSpti^^yv/ 
yf-'Y K)g3 2^&?f?fiE't-5;tlcJ;t). ^y^^VWiK 

n S^Mife^l^ 7 roSffi±lCffM-r S r ir J; "9 , 
ii;Sa^«i6!^^«0«SIC1^;5'V->y-tJ-^' KM3 2?rJi? 
^■f^^h)^c^X')-^%m^m.■fh^h1i^■^^h 

[0 0 8 9] 1112 2~E12 4iSrfflt>T, 13 2 llc 
^$ix5DRAMroSit:^jfelCol,^T|jiiq-t-5. 1212 2 
~ia24tt, 02 l^C^F:$i^5DRAMWS!^aSIS©!|# 
SiW/iH 1 XS~^ 3 IS^t^t»rBI21T*^>•5o 

[0 0 9 0] I212 2S:#1LT, HifiOJl^l 1 t I^^^CD 
TM^^&Xf-Ymm^. 9iT'^J?^t5„ -?-L 

T, 3i^y->y=iy^. wsiK, ->y ^^vKfti^ioiof 
•>y ni/t{l:M*JiJJ:iifflL, wtif^Sr^^^'-^y^^t 
So ^-wt, llifiOMffil<0*g-i|sl«O*fe-C'(g;S« 
nS^Jifitl^llESSrmtSo Wi, y-H;ffil2« 

{unite v'y 3VK{b)^3 1 ^ff^^L, <E-w±ici/y 3 

y^im^M^t^o iilKii'O, m2 2\:i7r-^i\,^'y 

t{k]g3 0?r-7;^^iLTffll^T, lllfeOJg^KD^ 
i: PI«ro*feXtfigS n mmom. 6 i igjgar n 5!T 
M^aJgc7t?rJFM1-So lOite^tlS 1 5 
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;^*y-fe>'uSBrtlC(D;2f3V^^ h*-/n 5 a 1 

[00 9 1] iJclC> 1212 3^#fi?,UT. Jia|5IKSl5lc:=i 

y^j' ^ h^-zw 15b, 15c ^^ii^iimm-^o z. 

(Oi^lC, ^*y-t>'l'g|5IC*5(t5='y^^' ^^J^-;H 5 
a 1 i:Jiia[HlKgB(-*iltS^>^^ h*-/H 5 b, 1 

5 c §rSiJISXffMt5 i ic J; •) , g ^m^mm^ 
^fl^^y^^ h*-/H Salt, 

1 5 croM-Stjg:|^2rJ:*) J;<SiJ{aiT'#S<, 
10 [0 0 9 2] iJcIC, B|2 4Sr#fl?.tT, T 

■i2tm^^iih, "torn. ±feoai«:gS:/-?^-- 

6 b 1 . 16 c idsm^HSo "tMrn^tmrnmrn 
I om^tmmoxn^Bxmz nc7K^ii,?.nR a m 

^S?F^fie$ixS:iit/<CS„ fj; mi 6 a liET 

(i:&Bt5^'^gSnS^«!fe^lg6<Dfti5^)(::. ^-Jg^ 
n 6 a U T t i V >. 

20 [00 9 3] (m^CDMms) m2 5^m3 3im^ 

mt^o 1112 5(4, :i<^^?^C»S;ffi(OJfJl5ICfclt5D 
RAMiSr;^t-»rffilllT-fcS„ 

[00 94] HI 2 5 Sr#^. LT , 5 T'tt, 

=1 h*-yH 5 ai^lC/Ky v-y aVT'y^'a 6*5 
r©jKy v'y ny7'7^'3 6±(e:^^yi/y 

t-f KM3 rSr^UTtfj' h^l 6 a 2 ^5Ji^)5£$^^TI/^ 
5, b'yhSl6a2(i, fcV hS 1 6 a 1 t^ilcO*^ 

30 [00 9 5] mm^^xa, Mmnm^m^ 
^gt^7cosEic^^?>v'y■^^-^' k^s 5/iSJf?^$i^x^^ 

5„ ^-LT, ^Jiia^2 4c/5Sii:g?-/-hmffil 2 t^ 

f^^iix\^^b. 'tMj.^(ommicmLxim2 nzTf:^ 

[0 0 9 6] ±teroJ:5lC:iKy -Vy 3V7'7^3 6±(C 
f-i'y->])i-^ h'm3 7iPy^thZi:\cX>). 1112 1 
(Cjp$ix5f';?y->yf--f KM3 2C0#^J; 19 {>/il,v^ 

^i'v'yf-'f' m^m^x^i. ititt^ m-^f-^yy 

V-f^ m3 2i:M^titz!^(D'^^ymi)^y^^<-yfV 

i&m^ti\>^xm<M^t?>(DAmmtzf)-^x$>6. t 
fc, jijaiHiKgB(eM^Tb, mm(DmAxf-^y-y])t 

T-#5. ilEWi^JC^^'Vi/y-y-^ KM3 5. 3 7Sr 

<Difti!ia5:tT/iofc^(c^4'yv'yf-^ vmmML 
x^^'j—i^nMm^t^^t'^^yi'i^ v^mm 

[0 0 9 7] la2 5tc^o^^T, iKy->y=iy:r7 
so ^3 6l:T<Ott'®anS^*E!^®lgj6^^ll&L-CtJ: 
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[0 113] w±oJ:5l-:l<D^?!wllJi(OJf^ffi^co^^ 

[0 114] 

\m\\ ^tO%iqwjli6g3jF^^ltCjo|-t5DRAM^ 

[13 2] l211IC;^$ix5DRAM»SiitlSW#ja6<) 

[03] [ailC^P^ixSDRAMroSitXSro^mfi^ 

[1114] lllfC?]^$il§DRAMWSi§XSW#jt6<] 

[[115] iai{;:^$^x5DRAMro^itISW^#»e<] 
^^^4 XS>^^tffEI2lT*fc5, 
[He] [llitc^$ix5DRAMroM:^iSc>#j|i[&<) 

[0 7] m\\z.fr-^ii-i>YiKt^U(n>m&TM.<n>^W.^ 
fi% 6 XS?Sr^-r»rffi0T-fc5. 

[08] [21^lc:;^^$i^5DRAM(D|^JtXS(0#SiW 
7 xeSr^tSfffiHT-ibS, 

[0 9] %'&<n>%m. 1 ro^fJ«iiJl'*5(t S^fSW^^m 1 
XS^iptff®0T'$>5o 

[010] mmaywM i s^aw^i^ 

2XS$r^tWr®lllT-fc5„ 

[ill 1 ] UtecOJg^ 1 <Dtero^?F$0iJ5:;T^tWiffi0T' 
[012] iiiaiHiKgpiipf^-v^/nwios h^vv';^ 
[013] iijaiH]iKg?icp9^-v^/nvios h^y-:;':^ 

Srff^^t 2 xa^^-r»r®0f fc^o 

[014] r«^?^«*16W?i5ffi2lc:ioH-5DRAM 

[015] 01 4lc:/T$il5DRAMro^jiXS©iI# 

[016] 01 4lCjp$ti5DRAMO|?iixa»!|# 
Si6<J)iS 2 XS«:^1-»f®0T'feS. 
[017] 01 4IC^$tl/'5DRAM«S!itia»!t$ 

[018] IIJSCi?gl2©^Ji^0iJ|CtJlt5DRAM^ 
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[019] rro^eiO||ffi(0}gl3(CtJJ^5DRAM 
^J-^T^1-»r®0T-fc5„ 

[02 0] ll;l(r)jg^3l;:Joij-5DRAM®<l#itW'i 

[02 1] r(?D5IMro||Mrof?ffi4('iolt5DRAM 
?r*-r»r®0T'fe5o 

[02 2] 1112 llC:i5^^(n5DRAM(Di|igXS©!t# 

1 xa=^7Pt wsm-efos. 

10 [02 3] 02 U^:?n$n5DRAM(0|Sjtia©!!# 
m6<)/£^ 2 XSSr ji^1-8ff®0T-i>?>. 
[02 4] 02 llC^$tl5DRAM(0illiiiaro!|# 

[02 5] r(7)^?^(0||JfiOJgffi5ICjo(-t5DRAM 
?rjj^t»fffi0T-fe5, 

[02 6] 02 5l;:^$jx^DRAM(OgiSxa(0l» 
iSW'tS 1 XSSr^1-»r®0T-$>S. 
[02 7] 02 5{ijp:$tl.5DRAM»Sljiia(0!|# 
mW/^S 2 Xa^^p-f »r®0T-&5o 
20 [02 8] 02 5l::^^n5DRAM©]K^tXao^# 
mW'iS 3 xa5r*^^®0T'$) 5, 
[02 9] 02 5IC;^$jl5DRAMOM}tia(0# 
m6<)>i^ 4 xa5:/T^t»r®0T'& 5, 
[03 0] 02 5(c:^j^$tl5DRAM©Sigxawi|5!F 

5 xa?r^t»r®0T-fc5. 
[0311 y-> y f-^ K^©Ji5fi£^)£w^ffJ0iJ(i 
1 xa^^]^t»fffi0T-fe5„ 

[032] y y K)K©ffM:^fco^?Fj0ijic 
*j It 5 ^ 2 ia?r ^f1-^® 0 -efe 5, 

30 [03 3] ^^^i^yf-^" KJ^(DJgi5£*fe«te(D^Ji^ 
«!lJ?Sr*-f»f®0T'fo5o 
[03 4] rro^MroHJgOJgffieiCtJItSDRAM 

[03 5] :i(D^?qroiiigroM^6ic*jit?)DRAM 
5r*tW®0-Cfc?)o 

103 6] 03 5(e:7j^$tt5DRAM©^Ji?«iii^^1- 
ffifffi0t?S)5o 
[03 7] e§*WDRAM(O-0iJSr/T:1-»fffi0-efc 

1 pijili^ft:^®, 2 7-<-/UKitem 3, 4 

a. 4a 1, 4b ^m-'mm.. 6, 6a, 6b 

7, 7a iiiJgft nS^^ife^Jic, 8, 9. 8a, 8 

b. 9a y-Mpg^, 10 Ji?y •✓•y =iy)g, ii 

WSi^, 12 y-hSS. 13 TEOSK{fc 
0, 14 t-C K!J';i~/l'item 15, 17, 2 2 
JifflitegtK, 15a, 15b. 15c, 15al, 17 
a, 23a, 23b, 23bl, 23c3V^^'h*- 
50 i^, 16a, 16al, 16a2 \^ y VU. 16 b. 
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16b 1, 16c EiSl. 18 :^V\^-'yJ'-V\ 
19 ^^^^i^^^^WB. 2 Oiryl^T'U- 2 1 ^ 
■yvN^iyiJ'. 2 4 3-2 4(1 ^JSSB^. 3 0 
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Wcm. 3 2, 3 5, 3 7 ^^yC/y K^, 3 3 
i/y ny^ltK^tJK, 3 4 3 6 iKyv 

'y^V-fyf. 3 8 DDSU. 3 9 ^^-JF^^m 



[ill] 



24a 16a 15a 
p,17a f 






[gl2] 



4a 2S 4b 25 
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-3 
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(15) 



ms] 




[09] 



33 
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[lai 0] 
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(16) 



imi 1] 
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(17) 



[mi 5] 



[113 4] 




14 





Lij^ ■ Ml r^^^^A 








p 










41 


1 d 


5 



I7a1- 



30 30 30 30 



LJTn 



ITTJ 



-i7ai 
A" 



16a2 15a 



-1 




[El 7] 




(18) 




imi 9] 




[ia2 0] 



A 17a 16a 15a 



16b 15b 




7a 5 a 13 12 



(19) 




[1112 21 

ISal 30 31 31 30 




[02 3] 




(20) 



[[i2 4l 



30-' ^ 
3~ 



16b1 15b 16c 31 



4 




6 4a 32 10 11. 
5 8 12 




6 4b 5 
a2 7 9 30 



[02 51 



24a 16a2 37 15a 30 31 




23a 15b 23b 23c 
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30H: 

2 

3Hi 







l~' 



6 4a 36 .to 11. 
5 8 12 




8 4b 5 31 
35 7 9 30 
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1 P 




--1 
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[112 7] 



30 31 31 30 




[E12 8] 



30 31 31 30 
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[111301 



1682 37 ISa 30 31 16b1 15b 31 




mS 1] 




[03 2] 



30 31 



31 30 
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(23) 



[ma 31 





[133 6] 
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